Dexamethasone, BMP-2, and 1,25-dihydroxyvitamin D enhance a more differentiated osteoblast phenotype: validation of an in vitro model for human bone marrow-derived primary osteoblasts.
In vitro models of bone cells are important for the study of bone biology, including the regulation of bone formation and resorption. In this study, we have validated an in vitro model of human osteoblastic cells obtained from bone marrow biopsies from healthy, young volunteers, aged 20-31 years. Osteoblast phenotypes were induced by either dexamethasone (Dex) or bone morphogenetic protein-2 (BMP-2). Bone marrow was obtained from biopsies at the posterior iliac spine. Cells were isolated by gradient centrifugation and grown to confluence. Cells were treated with 1 nM 1,25-dihydroxyvitamin D (vitamin D), 100 nM Dex, and/or 100 ng/ml BMP-2. The osteoblast phenotype was assessed as alkaline phosphatase (AP) activity/staining, production of osteocalcin and procollagen type 1 (P1NP), parathyroid hormone (PTH)-induced cyclic adenosine mono-phosphate (cAMP) production, and in vitro mineralization. AP activity was increased by Dex, but not by BMP-2 treatment. P1NP production was decreased after Dex treatment, while BMP-2 had no effect on P1NP levels. Osteocalcin production was low in cultures not stimulated with vitamin D. Dex or BMP-2 treatment alone did not affect the basic osteocalcin levels, but in combination with vitamin D, BMP-2 increased the osteocalcin production, while Dex treatment completely suppressed osteocalcin production. Further, PTH-induced cAMP production was greatly enhanced by Dex treatment, whereas BMP-2 did not affect cAMP production. Finally, in vitro mineralization was greatly enhanced in cultures enriched with either BMP-2 or Dex. Cell proliferation was only increased significantly by Dex treatment. In conclusion, the model described produces cells with an osteoblastic phenotype, and both Dex and BMP-2 can be used as osteoblast inducers. However, the two treatments produce osteoblastic cells with different phenotypic characteristics, and a selective activation of some of the most important genes and functions of the mature osteoblast can thus be performed in vitro.